Purpose: Review the initial results of a single-center complete video-assisted thoracoscopic surgery (VATS) sleeve lobectomy and discuss the key procedure of this operation, in addition to its safety and feasibility.
TA B L E 1 Characters of patients

PATIENTS AND METHODS
Patients
From May 2013 to June 2017, 11 out of 355 lung cancer patients who underwent VATS surgery accepted complete VATS sleeve lobectomy by single surgeon team in Peking University Third Hospital.
The central type lung cancer patients with tumor diameter less than 7 cm, without obvious invasion to main pulmonary artery and bulky mediastinal lymph node metastasis were selected for this operation.
The characters of the patients were showed in Table 1 , and there were eight male and three female, the mean age was 62.8 years (range, 55-72). Eight lesions located at the right upper lobe, one located at the left upper lobe, and two located on the left lower lobe, the mean tumor diameter is 2.8 cm (range, 0.7-6.3 cm). Bronchoscopy was done to check the lesion preoperatively and to evaluate the possibility of R0 resection, nine of these pathological results were squamous cell carcinoma, and the other two were adenocarcinoma.
Five patients received neoadjuvant chemotherapy (GP regime for one to two cycles), and bronchoscopy were done thereafter to evaluate the effect of the chemotherapy. However the range of the resection was still based on the bronchoscopy findings before chemotherapy.
Enhanced-CT, enhanced-brain MRI, bone scan, bilateral supra-clavicle lymph nodes ultrasonography scan and abdominal ultrasonography scan were done to confirm the clinical stage M0. If patients can afford, PET/CT was used (nine patients received). Patients who can tolerate pneumonectomy were ideal candidates.
Methods
Surgical procedure
All the 11 patients were administered with double-lumen endotracheal intubation, left-sided double lumen was used if the lesion was on the right side, whereas right-sided lumen was used if the lesion was on the left. The patients were placed in a lateral decubitus position with the hips flexed in order to widen the intercostal space. Oxygenation index was measured by anesthetist after single lung ventilation had F I G U R E 1 Classical three-incision: the cameral incision was made in the sixth intercoastal space at mid-axillary line, the 3-cm utility incision was made in the third or fourth intercostal space on the mid-axillary line, and the 2-cm assistant incision was made in the eighth or nineth intercostal space on the posterior axillary line [Colour figure can be viewed at wileyonlinelibrary.com] been confirmed and last for 30 min, if the index was larger than 250 which meant the patient can tolerate the pneumonectomy and thereafter the sleeve lobectomy was begun. Classical three-incision method was adopted (Figure 1 ), the first 1 cm incision was made in the sixth intercoastal space at mid-axillary line, and then the 30 • camera was inserted. Guided with the camera, based on space of the thoracic cavity and position of the hilar, the 3-cm utility incision was made in the third or fourth intercostal space on the mid-axillary line, and the 2-cm assistant incision was made in the eighth or nineth intercostal space on the posterior axillary line. Surgeon and camera surgeon stand in front of the patient, and the assistant stand on the opposite. vein and pulmonary artery in sequence. In two cases, due to the compression of the tumor, the recurrent pulmonary artery could not be exposed in full length, and the angioplasty was made by using Endo-GIA Universal. The horizontal fissure and oblique fissure was cut off 
Outcome variables
The operative records and outcomes of postoperative short-term for all cases were reviewed. Operative data points examined including operation time, blood loss, quantity of blood transfused, intra operative accidents, length of intensive care unit stay, length of overall hospital stay, chest tube indwelling time. Outcomes of postoperative shortterm refer to complication within 30 days postoperative.
RESULTS
The 11 VATS lobectomies were uneventful and there were no conversion to thoracotomy. The mean operative time was 338 min (range, 243-511 min). The mean anastomotic time was 63 min (range, 40-96 min). The mean blood loss was 205 mL (range, 50-400 mL). The lymph node harvest was more than three station in all cases and the mean number of lymph nodes dissected is 22.1 (range, 10-42). Nine patients were pathologic stage N0 and two patients were pathologic stage N2. There was no complication postoperation in 10 cases except one patient suffered from high-risk pulmonary embolism on the way from operation room to the ward after the right upper lobe sleeve lobectomy finished. Although the blood pressure of the patient drop down, the echocardiography, arterial blood gas analysis and pulmonary artery DSA were performed immediately and left basal pulmonary artery embolism was diagnosed. Then the thrombus was removed by catheter through formal artery and rtPA was used intravenous for thrombolysis within 1 hour because the pulmonary artery embolism was diagnosed. After 9 days ICU stay, the patient was transferred to the general ward and discharged 3 days later. There were three more patients have ICU stayed, the time was 1, 3 and 1 day, respectively.
The mean hospital stay after the operation was 8.7 days. All the 11 cases were followed up from 2 to 38 months and the mean time is 16.7
months. The latest follow-up date was Jun 2017, there was no anastomotic leakage and stricture. One of the patients died of bone metastasis at 16th month, the other 10 survived till now. One out of these 10 patients suffered from local recurrence at 24th month, and received endo-bronchus therapy, and still survives now without metastasis. The (Table 2) .
DISCUSSION
About the lobectomy
It has been more than 60 years since the first sleeve lobectomy reported by Allison. 4 Comparing with the pneumonectomy, sleeve lobectomy dramatically preserves the lung reservation and reduces the possibility of complication without increasing the local recurrence which results in the long-term survival improvement. It has been seemed as the standard operation to treat central type lung cancer via opening procedure. 5, 6 With the development of the VATS surgery, the extend lobectomy such as bilobectomy and pneumonectomy has been performed through VATS successfully. 7, 8 However, the sleeve lobectomy was supposed to be the contraindication to the VATS decades ago. 1 
About the bronchial anastomosis
Classical three incision is the best operative approach for single direction lobectomy, instruments entered through two incisions were angled vertically with respect to hilar, which make it more convenient to expose vessels and bronchus, and to adjust freed vessel length. This also make it easier to perform VATS sleeve lobectomy. 11 However, the needle holder could only be induced through utility incision when anastomosis, and this restricted the angle of it, which may prolonged the anastomotic time (the mean anastomotic time in our cases was 63 min). Live with disease free
TA B L E 2
Our resolution was to enlarge the utility incision to more than 3 cm to give thread holder more activity freedom. If it was still not satis- Then anterior side continuous suture was followed. The last two or three stitches may be sewed in the blind spot, and additional 4-0 vicyl stitch could be sewed and tied with prolene. We consider there are some advantages about continuous suture. First, the anastomotic tension may evenly spread on the prolene thread by its sliding, especially when patient cough result in an enlargement of the bronchus, whereas the interrupt sutures maybe break under these circumstances because of the high tension will concentrate on a single silk. Second, the prolene is monofilament, which bacteria was found hard to dwell on which is unlike the braided thread, will decrease the incidence of infection at anastomosis. Third, the prolene could cause less irritation to the bronchial mucus which reduced severity of cough. Finally, there was no need to tie the every knots by approximating two ends of the bronchus in continuous suture, so there was a certain distance between to anastomotic ends while sewing and it was more convenient to perform on the posterior side and easier to learn.
About the short-term outcomes postoperation
The mean hospital stay was 8.7 days in our 11 VATS sleeve lobectomy series, and only 4 patients had stay in ICU. This was a realization of fast tracking after surgery in some extent. However, VATS sleeve lobectomy faced the same risk of complications as opening sleeve lobectomy, which mainly related to pulmonary complications and anastomosis complications. Because the relative narrowness of the anastomotic site, plus edema and rough of the mucus, secretion-like sputum was hard to be expelled freely, which are easier to result in pulmonary infection. Our distal bronchus cut plane angled 70 • with respect to the axis of the bronchus in order to increase the area of the bronchial end, which may reduce the possibility of anastomotic stenosis. In addition, the use of prolene ensured the smooth of the mucous may reduce the possibility of pulmonary complication. (There were none pulmonary related complication in all 11 cases). When tightening the prolene, the force should be suitable in this procedure, too tight should be avoided in case of anastomotic stenosis and too loose also should be avoided in case of air leak. To reduce the possibility of anastomotic leakage, blood supply of bronchus and avoiding anastomosis reversion should also be taken into consideration. Early ambulation after operation, encouraging sputum excretion and promoting lung inflation to eliminate residual cavity were also important methods to prevent anastomotic leakage. Although no anastomotic leakage was found in our 11 patients, the rate of anastomotic leakage was from 0% to 6% as reported and should be noticed. 14, 15 Our first VATS lobectomy patient suffered from high-risk pulmonary embolism, which happened on the way back ward after operation, and fully recovered after thrombus was removed and thromblytic therapy. It was supposed to closely relate to the long time of the operation which lasted 10 hours. The result of follow up is promising, the longest survival time is 38 months and only two patients had oncologic events.
Although this is a small case of none paired retrospective study, according to our limited experience, VATS sleeve lobectomy is a safe and feasible procedure for central type lung cancer. Its advantages on perioperative period and survival need further evidence from highvolume prospective randomized controlled trial to be confirmed.
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